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BOATED METAL JOIST 
AND METHOD OF MANUFACTURING THE SAME 

RELATED APPLICATIONS 

5 This is a continuation of Internatational PCT 

Application No. PCT/CAOO/00447 filed on April 20, 2000, 

which claims the benefit of Canadian Application 

No. 2,271,403. 

BACKGROUND OF THE INVENTION 

10 i. Field of the Invention 

The present invention relates to structural 
members used m the construction of floor, roof and sides 
of buildings or the like and, more particularly, to bolted 
joists and a method of manufacturing the same. 

15 2. Description of the Prior Art 

Since the 1950 's, open web metal joists are often 
used in the construction of floors and roofs for 
commercial, industrial and residential buildings. Such 
open- web joists are generally formed of metal chords 

20 interconnected by metal webs. The opposed ends of the metal 
webs are generally welded to corresponding ones of the 
chords by an imposing number of welders who assemble each 
joist manually with the help of jigs. This manufacturing 
process requires specialized labor and is relatively 

25 expensive. 

Trust girders having bolted connections are known 
in the art, For instance, United States Patent No. 513,187 
issued on January 23, 1894 to Joly discloses a trust girder 
comprising upper and lower chords interconnected by means 

30 of a succession of tubular vertical members and diagonal 
members having angularly extending foot portions* Tie rods 
extend through the tubular members/ the foot portions of 
the diagonal members and through the chords. Nuts are 
threadably engaged on the threaded ends of the rods to 

35 secure the chords, the vertical and diagonal members 
together. 
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SUMMARY OF THE __INVENTI ON 

It is therefore an aim of the present invention 
to provide a new bolted metal joist which avoids the 
drawbacks of known welded metal joists. 
5 It is also an aim of the present invention to 

provide a novel method for manufacturing metal joists. 

It is a further aim of the present invention to 
provide a metal joist which is relatively strong and yet 
lightweight. 

10 It is a still further aim of the present 

invention to provide a bolted metal joist which is 
relatively simple and economical to manufacture. 

It is a still further aim of the present 
invention to provide a metal joist which can be 

15 conveniently shipped in a minimum of space. 

Therefore, in accordance with the present 
invention, there is provided a joist comprising lower and 
upper vertically spaced-apart chords rigidly interconnected 
by a succession of tension and compression webs extending 

20 between the chords, each said compression web having lower 
and upper angularly extending flat end portions which are 
respectively independently bolted to a top surface of said 
lower chord and an angularly extending lower flat end 
portion of an adjacent one of said tension webs, and to an 

25 undersurface of said upper chord and an angularly extending 
upper flat end portion of another adjacent one of said 
tension webs. 

In accordance with a further general aspect of 
the present invention, there is provided a joist comprising 

30 upper and lower vertically spaced-apart chords rigidly 
interconnected by a succession of tension and compression 
webs extending between the chords , said upper and lower 
chords being each formed of a pair elongated strips having 
substantially L- shaped cross -sections, said strips having 

35 parallel spaced-apart vertical legs and opposed horizontal 
legs, said vertical legs having a plurality of 
longitudinally spaced-apart holes defined therein, said 
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tension and compression webs having opposed lower and upper 
flat end portions respectively received between said 
vertical legs of said upper chord and said lower chord, 
each said compression web having first and second holes 
respectively defined in said upper and lower flat end 
portions thereof, said first hole being in registry with a 
corresponding hole defined in said upper flat end portion 
of an adjacent tension web and corresponding holes in said 
vertical legs of said upper chord for receiving a bolt, 
said second hole being in registry with a corresponding 
hole defined in said lower flat end portion of another 
adjacent tension web and corresponding holes in said 
vertical legs of said lower chord for receiving a bolt. 

In accordance with a further general aspect of 
15 the present invention, there is provided a method of 
manufacturing joists comprising the steps of: providing a 
plurality of chords, advancing said chords in a 
substantially continuous manner to a die punch station 
where holes are defined in said chords at specific 
20 locations therealong according to a predetermined pattern, 
advancing said chords from said die punch station to a 
selected one of a shipping station and an assembly station, 
providing a plurality of elongated webs, advancing said 
webs in a substantially continuous manner to a forming 
25 station where said webs are flattened at opposed end 
portions thereof and where holes are defined at specific 
locations in said opposed end portions, advancing said webs 
from said forming station to a selected one of said 
shipping station and an assembly station, and assembling 
30 metal joists by bolting pairs of prefabricated chords with 
prefabricated webs. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Having thus generally described the nature of the 
invention, reference will now be mads to the accompanying 
35 drawings, showing by way of illustration a preferred 
embodiment thereof, and in which: 
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Fig* 1 is a perspective view of a portion of a 
bolted metal joist having upper and lower chords, tension 
diagonal webs extending between the upper and lower chords 
and compression vertical webs pressing the tension diagonal 
webs to the chords in accordance with a first embodiment of 
the present invention; 

Fig. 2 is an enlarged perspective view of a 
bolted connection of the metal joist of Fig, l; 

Fig. 3 is a perspective view of a portion of a 
bolted metal joist having upper and lower chords, tension 
diagonal webs extending between the lower and upper chords 
and compression diagonal webs pressing the tension diagonal 
webs to the chords in accordance with a second embodiment 
of the present invention,* 

Fig. 4 is an enlarged perspective view of a 
bolted connection of the metal joist illustrated in Fig. 3; 

Pig. 5 is an enlarged side view of a bolted 
connection with an eccentric washer at a nodal point of a 
bolted metal joist; 

Fig. 6 is a perspective view of a portion of a 
bolted metal joist having upper and lower chords, and 
tension and compression diagonal webs extending between the 
chords in accordance with a third embodiment of the present 
invention; 

Fig. 7 is a cross -sectional view taken along line 
7-7 in Fig. 6; and 

Fig. 8 is a schematic top plan view of a joist 
production plant. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figs. 1 and 2 illustrate a bolted metal joist 10 
formed of an upper chord 12 and a lower chord 14 
interconnected by a succession of compression and tension 
metallic webs 16 and 18. 

As seen in Fig. 1, the upper and lower chords 12 
and 14 are preferably formed of an extruded metal, such as 
steel, and can respectively consist of an inverted top hat 
channel member and a bottom hat channel member. The upper 
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chord 12 has a pair of side walls 2 0 flaring upwardly from 
a base wall 22 and merging at respective distal ends 
thereof into outwardly extending flanges 24 . Similarly, the 
lower chord 12 has a pair of side walls 26 flaring 
5 downwardly from a base wall 28 and merging at respective 
distal ends thereof into outwardly extending flanges 30. 
The base walls 22 and 2 8 of the upper and lower chords 12 
and 14 each have a plurality of longitudinally spaced-apart 
holes (not shown) defined therein for allowing bolt 
10 connections, as will be explained hereinafter. 

as seen in Fig. 1, the tension webs 18 extend 
diagonally between the upper and lower chords 12 and 14, 
Each tension web 18 includes a main intermediate section 32 
having, for instance, a V-shaped cross -sect ion and opposed 
15 flattened end portions 34 and 36 bent in opposed directions 
I along respective fold lines 38. The flattened end portions 

I 34 and 36 extend in parallel opposed directions at an 

I appropriate angle relative to the main intermediate section 

J 32. The flattened end portions 34 and 36 are respectively 

Z 20 positioned against an undersurface 40 of the base wall 22 
1 of the upper chord 12 and a top surface 42 of the base wall 

28 of the lower chord 14. The flattened end portion 34 
defines a hole (not shown) registering with a corresponding 
^ hole (not shown) defined in the base wall 22 of the upper 

■ ; 25 chord 12. Likewise, the flattened end portion 36 defines a 
I; hole {not shown) which is in registry with a corresponding 

^ hole defined in the base wall 26 of the lower chord 14. 

The compression webs 16 have a generally Z shape 
and extend between the upper and lower chords 12 and 14 in 
30 substantially perpendicular relation with respect thereto, 
Each tension web 16 includes a pair of flattened end 
portions or foot portions 44 and 46 extending in opposed 
parallel directions from the opposed ends of an upstanding 
tubular section 4 8 so as to respectively press the upper 
35 flattened end portion 34 of an adjacent tension web 18 
against the undersurface 4 0 and the lower flattened end 
portion 36 of another adjacent tension web 18 against the 
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top surface 42 of the lower chord 14. It is noted that the 
upstanding section 48 does not necessarily have to be 
tubular. The compression webs 16 could be formed from bars, 
elongated extruded members having rectangular, square, v- 
5 shaped or U-shaped cross-sections. 

The flattened end portions 44 and 46 are bent at 
right angles in opposed directions relative to the tubular 
upstanding section 48. The upper flattened end portion 44 
of each compression web IS defines a hole (not shown) 

10 registering with the registering holes (not shown) of the 
upper flattened portion 34 of an adjacent tension web 18 
and che upper chord 12 in order to receive a bolt (such as 
the ones shown at 50 in Fig. 2) therein t and the lower 
flattened end portion 46 of the same compression web 16 

15 defines a hole (not sown) which is in registry with the 
registering holes (not shown) of the lower flattened end 
portion 36 of another adjacent tension web 18 and the lower 
chord 14 in order to receive another bolt 50, Load 
transferring members 52, such as jam nuts, are threadably 

20 engaged on the bolts 50 to rigidly secure the chords 12 and 
14 and. the tension and compression webs 16 and 18 together* 

As seen in Fig. l, the respective flattened end 
portions 34/44 and 36/46 of the tension and compression 
webs 18 and 16 are oriented in the same direction along the 

25 chords 12 and 14 and arranged so that, for each bolt 
connection (such as the one illustrated in Fig, 2), the 
upstanding tubular section 48 of the compression webs is 
are disposed between the bolt 50 and the adjacent fold line 
38 (i.e. the proximal end of the flattened end portions 34 

30 and 36) and as close as possible to the latter. The 
distance between the fold line 33 and the upstanding 
tubular section 48 can be equal to zero or more. By varying 
this distance, it becomes possible to adjust the natural 
frequency of the joist 10, This arrangement of the 

35 compression and tension webs 16 and 18 at the bolt 
connections or nodal points advantageously ensures an 
equilibrium of the diagonal and vertical forces in a 
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vertical direction, whereby the only force to be carried by 
the bolts is the horigontal component of the force exerted 
at each nodal point. The vertical component of the forces 
at each nodal point is completely and directly transferred 
5 to the upstanding section 48 of the compression webs 16 
and, thus, the bolts 50 only work in shear. 

The above described arrangement of the 
compression and tension webs 16 and 18 is also advantageous 
in that a single bolt 50 per connection can be used for 

10 standard joist applications. 

In the following description which pertains to 
the embodiment of Figs, 3 to 5, components which are 
identical in function and identical or similar in structure 
to corresponding components of the bolted metal joist 10 

15 bear the same reference numeral as m Pigs. 1 and 2 but are 
tagged with the suffix whereas components which are 

new to the embodiment of Figs, 3 to 5 are identified by new 
reference numerals in the hundreds. 

Figs, 3 and 4 illustrate a second embodiment of 

20 the present invention wherein the vertical compression webs 
IS have been replaced by diagonal compression webs 16' 
having structural characteristics similar to those of the 
tension webs 18 and 18'. 

, The compression and tension webs 16 * and 18 

25 respectively, are successively mounted in an alternate 
fashion between the upper and lower chords 12' and 14' and 
oriented in opposed direction with respect to each other so 
as to define a succession of "V" and inverted w V ff , the 
respective apexes of which correspond to the nodal points* 

30 The chords 12' and 14', the compression webs 16' and the 
tension webs 18' are secured together at each nodal point 
by a single grip bolt acting in both shear and tension. 

As seen m Fig. 5, an optional load transferring 
member, such as an eccentric metallic washer 110 , can be 

35 advantageously used to reduce local deformations when the 
joist 10' is under loaded conditions. The eccentric washers 
110 advantageously allow to change and adjust the natural 
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frequency of the :joist 10' without virtually increasing the 
weight thereof. 

The eccentric washer 110 defines a hole (not 
shown) for receiving a bolt 50', the hole being offset 
5 relative to a central point of the washer 110. The washer 
110 has an angularly extending projection 112 adapted to 
bear against the inclined intermediate section 32' of an 
associated tension web 18' . As seen in Fig, 5, the 
projection 112 of the washer 110 is maintained firmly 

10 against the intermediate section 32' by the bolt 50' so as 
to offer an opposition to local deformations in the tension 
web 18' in the vicinity of the nodal point. 

It is contemplated to use joists of the type 
described hereinbefore in combination with a concrete slab 

15 (not shown) . In this case the bolts 50/50' would extend 
into the concrete slab to act as studs for obtaining a 
composite action between the concrete slab and the metal 
joists 10/10'. The top chord 12/12' would be preferably 
inverted with the surface 40 of the base wall 22 thereof 

2 0 acting as a support surface for the concrete slab. 

Figs. 6 and 7 illustrate a bolted metal joist 200 
in accordance with a third embodiment of the present 
invention. The bolted metal joist 200 generally comprises 
an upper chord 210 and a lower chord 212 interconnected by 

25 a succession of compression and tension webs 214 and 216 
extending in opposed diagonal directions between the upper 
and lower chords 210 and 212. 

The upper chord 210 and the lower chord 212 are 
each made of a pair of angle iron strips 218 and 220. The 

30 angle iron strips 218 and 220 are each provided with a 
horizontal leg 222 and a vertical leg 224, with the 
horizontal leg 222 of each pair of strips 218 and 220 being 
in alignment and with the vertical legs 224 being spaced 
apart to define a gap therebetween. The vertical legs 224 

35 have a plurality of longitudinally spaced-apart bolt holes 
(not shown) defined therein. 
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The tension and compression webs 214 and 216 are 
typically each formed from an elongated tubular member 
having opposed axially extending flattened end portions 226 
in each of which a hole (not shown) is defined for 
5 registering with corresponding holes in the upper and lower 
chorda 210 and 212. The flattened end portions 226 are 
configured to be received in pairs in the gap defined 
between the vertical legs 224 of the pair of iron angle 
strips 218 and 220 and are secured thereto by means of grip 

10 bolts 228, each of which extends transversally of the joist 
200 and through the registering holes of a pair of vertical 
legs 224 and of a pair of superimposed flattened end 
portions 226 received therebetween, h single grip bolt 228 
is provided at each nodal point to secure the chords 210 

15 and 212 and the webs 214 and 216 together. 

It is noted that the compression webs 214 could 
be vertical instead of being diagonal as in Fig, 6. 

Bolting the chords and the webs together, as per 
the way described hereinbefore, instead of welding, 

20 advantageously allows for the automation of the 
manufacturing process of metal joists. Furthermore, it 
allows to selectively assemble the joists in a shop or on 
site without requiring highly qualified labor. 

As seen m Fig- 8, the bolted metal joists are 

25 manufactured on two complementary chains of operations that 
can operate simultaneously on separate production lines 300 
and 3 02. On the first line 3 00, the upper and lower chords 
of the bolted steel joist are fabricated, whereas on the 
second line 302, the web members are produced, 

30 The chords are typically manufactured from rolls 

of metal sheets of a specified width. The rolls are mounted 
on supply reels, such as at 304 and then passed to a 
straitening station 305. The rolls are profiled by a 
mechanical roll former 306 and advanced to a cutting 

35 station 3 08 where the unrolled metal sheets are cut into 
chords having predetermined lengths. It is noted that the 
chords could also be rolled up directly at the mill. 



OCT. 22. 2001 2:28PM SWABEY OGILVY MIL 514 288 8389 



On a mechanical conveyor; the chords are 
identified by numerically controlled presses and then holes 
are perforated at predetermined locations on the chords at 
a punching die station 310. 
5 Then, the chords are advanced to an optional 

cleaning cabinet 312 where they are sand-blasted or blasted 
with steel grid. 

Prom there , the chords are transferred to a 
painting station 314 where they are spray-painted by 

10 numerically controlled machines. 

Once, the chords have been painted, they are 
advanced to an infrared oven 316 where the paint dries 
instantly. This step takes about 1 to 2 minutes. 

when the paint has dried, the lower and upper 

15 chords of the steel joists are transferred to an assembly 
unit and/or to a shipping area. 

The steel required for the webs is typically 
received in the form of rolls or bars. Supply reels, such 
as at 318, are provided for supporting the rolls* A 

20 straightening unit 319 is typically provided downstream of 
the supply reels 318 to straighten the roll of metal sheet. 
The sheet or bars are then advanced to an optional cleaning 
station 320 where they are sand-blasted. Then, the webs are 
advanced to an identification station 322 where 

25 identification indicia are applied to the webs. From there, 
the webs are advanced to a cutting station 324 where the 
webs are cut to a predetermined length. Thereafter/ the 
ends of webs are flattened, folded and perforated at a 
forming station 326. The holes in the webs can be made with 

30 a punching die. The perforated webs are then transferred to 
a painting basin 326 where the excess paint is 
automatically air blasted* The excess falls in the basin 
323 such that it can be re-used. This way, there is no loss 
of paint or pollution. 

35 The painted webs are advanced from the basin 328 

to an infrared oven 330 where the paint dries 
automatically- When this step is completed, the webs of the 
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bolted metal joists are transferred to the assembly unit 
and/or to the shipping area. 

There is typically two shipping options: 

Short distance: the steel joists can be 
assembled at the plant prior to their shipping on the field 
by conventional transportation. 

Long distance: the steel joists can be 
shipped unassembled and be assembled on site by the 
customer. 

By introducing bolted connections and creating a 
new manufacturing process of joists and integrating in it 
the now available automated production technologies, it has 
been found that joists of superior quality can be produced 
while reducing the manufacturing cost. 

It is noted that the above described bolted 
joists could be made of a material different than metal, as 
long as the selected material has sufficient structural 
properties . 
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